Functional organization and evolution of mammalian hexokinases: mutations that caused the loss of catalytic activity in N-terminal halves of type I and type III isozymes.
Mammalian hexokinases are believed to have evolved from a 100-kDa hexokinase which itself is a product of duplication and fusion of an ancestral gene encoding a 50-kDa glucose 6-phosphate-sensitive hexokinase. Type II hexokinase has been shown to possess two distinct functional active sites, one in each half, which functionally resemble the original 100-kDa hexokinase, whereas type I and III isozymes possess only one active site in the C-terminal halves. This study was conducted to identify which mutations caused the loss of catalytic activity in the N-terminal halves of type I and III isozymes. Arg 174 and Ser 447 in type I isozyme and Asp 244 in type III isozyme are speculated to be the cause, because they reside adjacent to the "catalytic" site and corresponding residues, Gly 174, Asp 447, and Gly 231, are conserved in the N-terminal half of type II isozyme as well as all other 50-kDa units that possess catalytic activity. Mutations G174R and D447S in the N-terminal half of type II isozyme reduced specific activity by approximately 79 and 57%, respectively. Therefore, neither mutation alone can account for the inactivation of the N-terminal active site in type I isozyme. Either mutation, G174R or D447S, had moderate effects on Michaelis constants, K(m), for glucose and ATP. Mg(2+). Intriguingly, mutation D447S introduced a novel inhibition by unchelated ATP (K(i) = 68 microM ATP, competitive vs ATP. Mg(2+)) to the N-terminal active site of type II isozyme. Mutation G231D caused instability to type II hexokinase and near complete loss of catalytic activity (95%), suggesting that mutation G231D not only hinders catalysis at the N-terminal active site but also leads to structural instability in type II hexokinase.